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FjltfJHSSCCfcOT. 
*E'< » F i BfftBrtglSS^mE^^?:^ <{?*4>if 10 

Bffia^w y^-r >^is©iacc^3n. (v 

r e f ) *tftfflTSfcft©^«ffitfttH#S<!:. 
mat Z> fcttOfliK^K b , 

«reJtR^!fc&>&©a#*jEE*5 ^^^datc 

h i ng) 0, aAWl^ra*-*- ZtcitKDv 

[s»*3S2i mria»«^^m^5^a«wi (v r 20 
o f ) %«imTs»^«c«i*a i/o-r>$7i-^^ 

jllRU ttfflNB&Xtt&flbttft (Vs s) SrftSWT-StS 
^(CBLVTTL ^rjStR-r 5ti "T -SW*)S 1 

[ mas 3 ] mriB^ < ? - * > w^ara . 

<Dzr vf-^Wib, 30 

3ft, ifyfB^ 1 ?- ^V^Wgi*^©;^ ^-f >^ff 
^{C j; «3 SfffBS^H'-* v F#> <=>©^{3.£ . i*jgp3*m 

FiMWIHSS. 

[ 5 ] ituf B«i*HIB£ 

fjiaa^nEE^ v F&tf»ie«BE*£#8**att&3*is 

3ft&PMOs i- 5 >^x*&*£rtf{: 

[ mm 6 ] mif aaisimjE^ 
mssmmE.'* ■> F&tfaiE«E»£*gia*»ft3fts 

s-Yb nMW£<Dffllc&l&Ziri. busBX ■< v 9- -i > if 50 
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3ft&PMOS h7>yx^i, 
fTlB^- K<tWi2J:b«*S©IBIK:ig|g3*iy- htc*« 
WdE7WlfiIl3ft£lgl NMOS F^>y^5?i. BUfBtb 
«i&Wti©lffl (C%hS 3 ft ^r- F «:£iWBlH*ffi 
^Krt>6©ff^:Wtin3ft£fii2©NMOS F5>^X 

C»*«7 3 BufBtbt^&l*. 
2 v c c/3 u^;u©^a£fiiisill^':> F^6©^fi 

*ttKL -ca^r a fcft© *>©*#« tr 1 ta 

i£©g»*- F9tRS8S. 

« L-cta^j-r* A:*© <>©*«« t-rsw*^ 1 tats© 
eite*- FisiRiais. 

[ sik#9 93 Mia x ^ -7 ? v > if&st b ft$m mmt± 

»i*l2©lffl«:S*i3n. milBx ^ >^g!c J: 

i iBtKoeift*- Fawais. 

itriasmmBE^ - FRcmia^ -r ^ ^ >^©©p^{c 
®^3n. stfiasjgmia (vrof) ^ffsr-s/c*© 

striae- *>(*Hj*a*>6)©M#ifHBtu*»¥-* 

/rU-C(±}^3tlSff-^tClDD, BUfBa^E^* ^ FiBU 

SrflBfflW^BE^' -7 FLWM&XJ >^a©IBfc« 
S^3ft»i£^EE (V r e f ) ?r*ltiiTSfcfe©a25BmEE 

mjtax ? -f > >f^W$— WKj)- ^ 3 ft 6B#. lutB 
^*flBBEl*a*®*6©ffi**IIirtSraee«BE*i:b« 
«Wi-S-SfcJ6©J±!K*S4. 

i ng) o. mfsatH^a^-etti^-r^/ce*©^^^© 

■t— F h -b y F(i#^A^3ft€.-( r >'' < ;-^ 

i. 

Buia-f > ^ - » £/M, r th^j 3 ft ^ff ^* y — ~7 
m^ZAt) 3 ft ' t r 7 - * > Mttlff-^^ tti^) T -5 fc ifc© 7 
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ittlfa^ v *^f9tfrh<brtV- *>^Hifl-^cL L V T T 
L* €><DfI*f Ct J: 0» 1 X>f-;f-f> ^«r»tt5 

mixjv*-* y^m^&Mt, mzxj lis? 

jltRHSStCfWU #CCLVTTL (LowVo 1 tag 
e Transistor Transistor L 10 
o g l c ) RZfmM I /O -f>^7x-X (High 
speed I /O interface) <DZL~o<Dt 

XB, LVTTLi, I /O >( ©Sir 

«r*siSi^a^-f x-^*aa*t-rsis. be 

n d i n g/m e t a 1 o p t i o n"CSfH^T#fc 

FiSJRtJifS (auto-mode selector 
scheme) *SH^Jht*fc 0 0 LVTTL 
tmM I /OA is%y - XO^fi L^l/* J±K L/cS 
IS 2 SOTS 3 tt* ^ft^ft]WIBLVTTLRC>* 

iiLVTTLMTfta I /CM> £7 *-^©ffi*i6B 
0*^Ofcaffi*r*S„ |2CDLVTTLtt, ^-^HJ 

jittvvr (ioi) iib«8S (102) sychfo 
mcc^3fts^*+^t'*>* (c i > r*g>$3ft 30 
& 0 mtf-^wi^wr (ion bwbwh (v 

d d ) R0*y- F (N 1 ) ©rBltCffi^StifcPMOS F 
^>^X£ (Q 1 ) fijfdy- K (N 1 ) ao'SSfiffi 

ee (vs s > <Dmicmm$n?cNMo s f^>^*£ 
(Q2) rfltessfts. »uiatb«s (102) tt^-* 

ffl^^r ( 1 0 1 ) rm#34afcS&*52. 4V$c 

MA/ititiAyzy *-xteT-$tiAt!^v vr (10 

3).i, Jt«g (104) *-*>a>«E 40 

(V t t ) SCJf$-5*-V3>Jfita (R t ) TflteRS 

ft£„ ffirsa*-5*-^3>ffiijt (R t > ccts usam 

v7t <D\&MZW8t% hfcSE^ -f > y ( 1 imi 
ted vol t a g e swing) ^T^C t 

ft * H 4 CD Kit A Hi f) A > * 7 * - * R U L V T T L <D 
mXmm%mmLXt&WirZ> a H4t?aie tt-f ft* 

nnsiSAU^r > * y * - x i l v t t l <o^ a mwm 
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*-Xtt*iJRRSnfcSI£^-f >^ (limit 
ed volt age swing) <D/ci£> LVTTL J: 
0— »a^&St©* s ^*SCi*i*iJ^ft: 0 HI 5^ fi£ 
*CDgffij^- K»tR0l8OD— W*7SLfcEII»ig-r. y- 
F (N4) Rtfy-F (N5) ©ffflfCg&RSft^-FCC 
(uiay-F (N5) #it#£3ftfcPMOS b^>i>X£ 
(Q5) *iffiay-F (N4) J&t&s- F <N6) © 

racers fty- htctfriay-- f (N5) jwwssftfc 

PMOS F^>^* (Q6) i, SalBy- F (N5 ) 
KtfJgtfiWa (Vs s) KH£tt3ftfcy-F (N7) CD 
RO CCSM 3 ft MC 2 V c c / 3 «{4#B£«#*B 3 
tlSNMOSh?^* (Q7 ) fylB y — F (N 
6)RO'fuffiy-F (N7) ©fffltCgfttSft^- Ficy 
- F (N 8 ) asiH&S ft SNMOS b7>S/X^ (Q 
8) i % SiBEfEft (Vc c) aWIWB-/- F (N8) (O 

racers fty-Mcjgtssft (vs s) wEnjnsfti 

PMOS b^>>X£ (Q9) HUffiy- F (N8) T 
SitSfi (Vref) *EPJn-rSfcAoaip*fi![^'^ F 
(2 0 2 ) iWay-F (N6) Rtfy-F (N9) 
«icgi3ti/c^>;^^ (CI) r*«^3ft4 a 0 

(N 1 0 ) mfy- F (Nil) ©HicfgJljftSfty- F 

tefiriay- f (n 1 o) ^is$S3ft/cPMos f^>^ 

(Q10) luiay- F (N 1 0) RZfs- F 
(N 1 4 ) ©MKgttSfty- hifimzs- F (N 1 
1 ) CcaiS3ft/cPMOS h^>S/^£ (Q 1 1 ) 
SWay- F (N 1 1 ) Rtfy- F (N 1 2 ) CDlfflCCjSiR 
3ft^- FtC^-y7'rtg|J-C^3-l±/cS*SIS{iE (Vr e 
f i n t ) sWEnflllSftSNMOS F ^>^X^ (Q 1 
2) i x fufSy-F (Nl 2) SCKgfth«ta (Vs s) 
(Dm tcmWt 3ft ^r-FCC LVTTL ^ EPflP 3 ft ^ N M O 

s h7>^$ (Q 1 3) <t, Mfay- F (Nl 1) S 

yy-F (N13) cor^^^3ft^-FCca«^{i 
(Vref) 3&5EPttI3ft5NMOS F ^>>^£ (Q 1 
4) Sutay-F (Nl 3) &^ttfcm& (Vs s) 

tclg^ 3 ft V - b tc jttii I/0>f>*^i-^^iS 
IS^n^NMOS h^>^X^ (Q 1 5) <h, mffey- 
F ( N 1 4 ) Ryy - F ( N 1 5 ) <Dfe1tCjg^3 ft^- 
FCCA^ff-^ (in) #EPJW3ft*NMOS b^>^X 
* (Q 1 6 ) Buiay- F (N l 5 ) StMiftifi 
(V s s ) oraccSfttSftV- h&CifiBSI /OA^*y 
x-^*si83ti5NMOS r7>y^* (Q 1 7) 

HUtay- F (N 1 4) SC^y- F (N 1 6) CDfffliC 
ffiKSfty- HCcA*m# (in) *SEl«m3ft«NMO 
S h5>^* (Ql 8) WSay-F (Nl 6) R 
Cf»tft*a (V s s ) ©fflCCSK3fty- FCCL VTT 
LWJD^n-SNMOSF^y^X^ (Q19)tM 
3ft-E) 0 S5t, PMOSh7>^$ (Q5, Q6) 
atfNiMOSh7>i/X* (Q7, Q8) r1«^c3ftS 
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ft$J§ (20 1) B. HMf 2 NMOS h7>yx$ (Q7 

SE«£«fr6©W* (2Vcc/3) &tf*«H{i 
< V r e f ) *J*Kit iHbT ^ - F ( N 6 ) «cW*-r 

-5. i /o > * ^ * - xooJs^fi^-aiasaiwE^ 

f K^6fft*&5^aS£Sm© (V r e f ) 

fe, (Vr e f ) *fES*a#^£K:/j:S. fit 

or. ftrsafflmii ( v r e f > tts«4 (v c c/ 

2) tca»)llfaAlU^-/>fl'7*-^*tM^K:tt*. — 

/c&. PMOS h7>^^ (Q9) tCJ:0miSfli{4 
(Vcc) «SnLVTTL*A>f(C)5:^ 160 
KCA^^rt, H5©S«j*-Fa«?«#LV 
TTL^aiR-rSti-^'CCtt^iaNMOS h7>^X£ 
(Q12, Q 1 3 ) *fOffl L.|^g|5SV^e ( V r e f 

1 n t ) flfj$ I 

IS^CCttfulBNMO S h5>y^3! (Q 1 4. Q15) 

zmmommnii (vrof) — sutag 

l^ftS. 20 

2 V c c /3*fiy6£fl3©«£« ( g e n e r a t o 

r) M'ST*f), — #@&C i6 0A^^f7 rCDck 
^{CLVTTL/iftJI I /O-O^x-X^X-f 
^^(switching) T &tcib<D^Wfi-2M<D 

»* - FaiHSftsffi a i/o>f>^7.x-x *aw-r s 

ig^fCK. PMOSh7>^$ (Q9) ^^ty- 
H ( N 8 ) r^iSStt (Vcc) imfaZ ti ZOT\ S 30 

ttStftl&^tt (2 0 2) ffllic* U> F ^X ( c u r r 
ent path) ^StijCittS. ^^t.- 

^m.m<Dmm\t. mmLtcmm&$:mmi>. lvttl 
rt-catttofc»iR-r*c a Faftsis 

£® ffif S tab © i> © t-& i> „ 

FaW@l&©» 1 W»tt. ?f-2PStg^BE 
i. t>^ri4)iaiir- ffiB#ng©Rg. a;ux 40 

* -i >#&ett. mmmmmfi^ •> f iUuiax j *, ? * 
>y*s©ia«c^ttsna!n*ff (V r e f ) sr&ttnr 

4fcab©Si»«JEtfeHJ#S<b . iiufBX 

AStta:*? $ft3H#. fl»gB»iJiaBE«fem*S^6© 
tn^UJI i rtffl£&*|£« J±f3 WstT & fc»©Jfc«*#& 
4. wf!2tb®*gW>6©m^«BES^ *?>^ ( 1 a t 
c h i n g ) L-Cta^^raj^-rS/cfe©^ 50 
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IcMf&ZtiZ. #fciW©@«i*- Fafl?0K©iH2!f#» 

-x (iaii i /o-yxs^ x-x) ?ra*?-r-5fc»©a 
mtiL%$ttt zmmmK^ v Fi. rtaasug«&*£* 

Si. /<«7- *>»W*ffi*DtyT-50$|H!©M. 

v Fscfffirisx -f 2-?-f> y#a©miK:j3«3*i. ffrie 
amufi (v r e f ) *i*ffi-r*fc«>©sis*EtftUi* 

Si. Suia^- ^>^m^s*>^©fi-^ifuiatB* 

FiBtlfaF*3SP3«mEE#S£*i&X -Y » *w >^T^cft 
©111. »2X-f7?^^9t. mff B*iS«JI^- -j 

FifrEx^»^Y >^#s©intcteasn. **hee 

(V r e f ) &fcffi-TSfc«>©Slfft»El*tti*8i. HU 

iax ^ 'y?-f> ^fg*s-BtWK * v s n b#. Miea 

W«EE« m*S*» 6 © ttt* ^BE i F'ggPSiSmE* tfct8» 
*gr * fc«>©ifc«*S i . B5EHrfS*a*' 6 ©Hi^miE 
^?>^ (latching) L. HtfiattS^^-r' 

acm©flfe©awi ^^©WFataiyfipL^tt. tR#niffi 

i WiS 1/ fc9t©fi&NH&tti5! L- r-HflJ h ft Z . 

[ ^Sfe^J ] H 7 «*|6Bj{c J: s a - F ail?lslB©» 
1 ^SS^J-C* 0 . ^'f§|5S^pm)I-'^• * F (externa 
1 reference voltage pad) 

(3 0 0) inSB£&ttEE&£fS (internal 
reference voltage generat 
or) (3 30) ©R3&CX Y v * -i > (310) 

swatts ns. Miax ^ > ( 3 1 o > tct* 

4'<9- *>KltH8 (3 4 0) s&sattSft. C©«m 

&&ftuxmt)$tiz>m*mx<( 010) 

S-e2EHS«BE^--y F (3 0 0) i rt3B®iHISe£tg| 
(3 2 0 ) >&-B#^jic^7 WHB!M»£mWEE.J* 
-j F (3 0 0) iiriax -Y ^ ^ -f (310) © 

Iffltcti. £¥«BEf*W8 (330) A5^± $ n^t-SPSiS 
tSEE>*v F (3 0 0) iaHS34i-C(f>S*» (EP^. MM 

AtH*Y>$7x-xtti-c$,^) , aisntus 

C»3&> (KP*3, LVTTL«S8"C*4*) ^^mT«>„ BU 
BBSWEEttttlS (3 0 0) *>6ffl*3*iS*fiiiF«gaJ 
Sfll«)EE»*« (3 2 0) ^6©afiC?rA^ib. -'W 
- 3f->*WH8'<3 4 0> *>6©a*S-#ecJ:«31lKl!ai4 

s^stbixn (350) mmtiztiz. mmtsm ( 2 

5 0 ) ©fUAMitCtt^ s» ^dlSg (3 6 0) sWWSSti 

^, mfia-7 -^^lass (3 6 0) ^bxtat)^^.$ti 
*>t7s4 vf-^n. (310) ttsmajE^y f 00 
0 ) irtaasd«Ei6fifea 020 ^a^ux ^- k 

(Nil) ©«t4*A*^f 7T©A^KfflC». LVT 

T L iiSilAtH^J -T > # 7 * - X £|X#T S m/J(l-^« 
"r-Zliijj^ y y 7 %f ffilcm^htiZ. |5] 
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MSf-(-7A (synchronous DRAM) 
^. ^«l-A?3 (Burst length) W 

(cas) m ncomtemrs wm*mm? z> fc*©* - 

F Ui^X F -b » h (mode register 
set) MftWifrtim-ftitZtj:h?J:l,\ §7 
<D><.y- (3 4 0 ) ©lHlSgS-e£>«3. 

F U^.X F t*; F ff-^- (mode registe 
r set signal :mregst) £ A^J"3* 5 
>-F (N2 5) i^-F (N2 6) ©ffflKSiftiSfifc 10 
-Y (G2) iiiylB-'- h' (N2 6, N27) R 

ov-f (N2 8) ©imtcaaisn/c^-y^HBsap o 

4 1) i, a-9- t>^Uii# (pwr on de 
t ) tmtlZtx&s- F (N28) i^-F (N29) 
©IHKfiJUJgttSflfc-f (G5 7b^G9) i, 

HiTK^- F (N 2 8 ) Ry-/- F (N 2 9 ) ±©{I#£ 
A* LTl^ilffi^-tirfcff ■^•^r ✓ - F ( N 3 0 ) T'ttJ^T 
5NAND y — F (G10) <h, suta^- F (N3 0) 

«ca#Sdtifc^>^<-f (Gii) -c& 5 o 

2 4) -e«j£3*i£ 0 fui2-Y (Gil) ?r^U 20 

Tffi;*j3*i*<i#tt;*-f (3 1 0) KA 

j]2tl& a H9tt. 03©X-T 7f^>yfg (3 1 

0) (3 30) £^G/c&©T\ Kip 
*ffitftlHS (3 3 0) ««?SS1I (V c c ) bs-Y 

( N 2 1 ) <DNi JC&g&Sfty- F &C v — F ( N 3 2 ) 
3»g3*lfcPMOS F (Q2 0) -C^ifiXS 

*i. itu»3;W >^@Sg (3 10) F (N3 

1 ) *>*itais (3 4 0) i»h<Dmn&At> 

<?ftS> - F (N3 1 ) ©HJtcS&ttSti, jfSSiWKS 

F^iiM^ti/cBMia^- F ( N 2 1 ) KtfiWfartSB 30 
^*E*£»#a*S<*ftfc^-- F ( N 4 1 ) _h©fl{i 

4x-(-;?^ y-r sea ( q 2 i ) t?« 

^S3n5„ HOW, ^S«EE«WJ»©fftCD«4^Lfc 

b®~c\ mimmms.^m^ (33c > «»*pmi±^- 
s> f 000) ^jaugsns^- f (N2 1 ) tmm 
(350) fimmztizs- f ( n 5 1 ) ©natcsats 

tiy-hKliU (Vc c) «3nSNMOS F 
^>>U£ (Q2 3 ) i, H?IB>- F (N 5 1 ) i^ift 
M{4 (Vs s) ©RBtCiSMSfty- FCCm'9- 
Hi« (3 4 0) taiSSfifcy- K (N3 1 ) 40 
tl/cNMOS F (Q2 4) i. (V 

c c) iy-F (N2 i ) (omcmm^nf- vvcxj 

(3 1 0) iJSS^ (C 1 2) 
aWj3*lSlt##6U&PMOS h5>yX^ (Q22) 
TMUfiSS ft S„ 01 1 ». 07 ©tfe&S (3 5 0) £5 
s» ^feUifg (3 6 0) ^^L/caffi-C* 0 , J£I8£ ( 3 5 
0 ) tes— F ( N 5 8 ) Sffv'- F ( N 5 9 ) ©fflK® 

isny-hicy-K (n 5 i ) *sig3nfcPMo s 

F5J*X* (Q25) i. Bulgy- F (N5 8) Stf-" 

- F" (N 5 9 ) ©figtC 3 fry- F CCfufa^- F (N 50 
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5 9) WmiZtitcPMOS F^>y^^ (Q2 6) 
BUl2^- F (N 5 9) SD 1 /- F (N 6 0) ©ffflCC 

jtttsny>-htc2Vcc/3 ^ns 

NMOSh5>^$ (Q29) i. ItilB^-F (N5 
8 ) MV- F (N 6 1 ) ©ROCC&ffi 3 nV- F^fTta 
y- F (N 5 9 ) CCjS*§3ft/cPMO S F 7>^X£ 
(Q2 7) i, fjIB^-F (N5 8) SOV-K (N6 

1 ) ©wtc^Kstiy- FccHtfia^- f ( n 5 i > #aj 
$S3nfcPMOs h5>yx$ (Q2 8) Atrial - 

F ( N 6 1 ) SO'BtllB F ( N 6 0 ) ©HHC«|*3*i 
y- HCfl-SflSiSMEffi^* FtfSMestiSNMOS F^ 
* ( Q 3 0 ) £ . ittfgB^ — F ( N 6 0 ) S^'il 

®BE (v s s ) ©p B ict}g;j^3*iy- Fftftrriay- f (n 

5 1 ) &m&2intcNMOS F^>>>*£ (Q3 1 ) ~C 
fltlj£3ft, huIB^ f ^mss (3 6 0) Hmfiey-- F (N 

6 i ) ©mtii£7 ^LtLVTTL.tasjnfcy- 

F (N6 2) T'tii;ft-r£/cfib©r:-3©NANDy- F 
(G 1 3, G 1 4) i. Htfia^- F (N6 2) SOTOiS 
I/O-f >^7x-Xtca^3tlfc>- F (N7 1) © 

IHNcJgil*3tifc-r>><-* (G 1 5) -Cffif&3tl&„ M 
12W, J£f5&©ffe©01*^O/c&©T\ NMOSI-7 

>y*£ (Q29) iPMOSF7>^$ (Q30) 

©y- htc-en-ejhrtSSSiii*E#Bi«*>6©«fl[ (v 

r e f ) £. Slg«EEtftfflS*»6©*iI.(Vd) 
Sn*Ci4Bftt»tBBIl l©tb$5IS£^©^* 5 [5)« 
r$>5„ S13S, ^WOStt*- FjgJRiftCCfflt^ 
6n€)A^J^*f 7r©@!S0Tab«3. y-F(N42) 
SJ>^-F (N4 3) ©K(cg|^3ny- F^BiflB^- 
F (N4 3) tcagJ^fcPMOS F5>^X* (Q3 

2) i % mia^-F (N4 3) RO*Jgift«tl{ca<&3*i 
fc^-F (N4 5) ©BJKSMSSny- Ftcfuiay-.F 
(N4 1 ) *3SifS3^cNMOS F5>i^X^ (Q3 
4) i, S? IB ^ — F (N4 2) Siytffi^jSKf (out) 

jwajttsns^-F (N4 4) ©naccggftsfty- nc 

HUfa^-F (N4 3) ^aSS3tlfcPMO S F^>i^X 
f (Q3 3) <t. BUIB-^- F (N44) St>*BjlB^- F 
(N4 5 ) ©Ifflfcg&SSfty- FfCA^I^ (in)* 
EPSPSn^NMOS F^>> ; ^.i' (Q3 5) T'filfiSc3n 
•So C (DKtS^ -j V 7 tSSufa^ — F . ( N 4 1 ) <Dm&R 

vxt>m^ (in) &tmw&i>-cm&s- f <n4 
4) (ca^j-r-s/c«&©4»©r*s. H8-c. *-f u 

F -fe f Fff# (m r e g s t ) #0— Wit 
A^3n^'t , 7- T ^ ( p w r u p ) vWJCA 

*3nsi. m^ y?-mm& (3 4 o) tc^oiwav 

- F ( N 2 8 ) V - ^->*lttjff ^ (pwr o n _ 
de t) *^W&tttj;7j3ft, C©ff-^«Buia-(>^*- 5? 
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